Abstract: Instruction in science can be difficult for students with visual impairments due to the use of visual instruction that is often used for conceptual understanding. Pedagogical approaches to teaching science continue to evolve, with inquiry-based science instruction as a primary instructional method used in current classrooms.
SCIENCE AND STUDENTS WITH DISABILITIES
The Individuals with Disabilities Education Improvement Act (IDEA) 20 U.S.C. § 1400(c)(d) (2004) states that improving educational results for children with disabilities is an essential element of national policy that ensures equality of opportunity.
Of the approximately 100,000 students with visual impairments throughout the United States, few of them fully participate in science instruction within their school settings (Beck-Winchatz & Riccobono, 2007) . The National Science Teachers Association (NSTA) recognizes that, even with the best of intentions, barriers to learning science are present and, as a result, issued a position statement to address inclusion of students with disabilities (National Science Teachers Association (NSTA), 2004).
Using guidelines from IDEA and the national science education standards published through the Next Generation Science Standards (NGSS) (2013), NSTA's position paper includes a number of recommendation topics to ensure students with disabilities are integrated into science. These recommendations include: (a) use of strategies to overcome educational and physical barriers, (b) selection of science curriculum to promote accessibility and inclusiveness of people with disabilities, (c) development of assessment tools that are accessible for all students, (d) use of collaboration to overcome attitudinal barriers about what is involved in teaching students with disabilities, and (e) promotion of science and science-related careers for students with disabilities (NSTA, 2004) .
One specific area addressed within the NSTA position paper, under the topic of collaboration, includes ensuring accessibility for students with a variety of disabilities by working with school staff to ensure that teachers are prepared to help students master the science content (NSTA, 2004) . All educators, including professionals such as orientation and mobility specialists who work with students who are blind or visually impaired, should be accountable to this standard (Smith, 2006) . With creativity, collaboration, and review of concepts being taught across disciplines, the field of orientation and mobility (O&M) can provide experiences that help students with vision loss to develop a conceptual framework for science concepts.
SPECIALIZED NEEDS OF STUDENTS WITH VISUAL IMPAIRMENTS
Research has found that general education teachers are not prepared to teach students with visual impairments (Norman, Caseu, & Stefanich, 1998; Kahn & Lewis, 2014) while teachers of students with visual impairments are ill-prepared to teach science, technology, engineering, and mathematics (STEM) content (Kapperman, Heinz & Sticken, 2000) . Therefore, there is a divide in order to meet the needs of students with visual impairments. However, if content experts work together with the specialists who provide services to students with visual impairments, all involved with the educational process will benefit. The students will get the content delivered in an accessible manner while the general education teacher, in this case the science teacher, can benefit from collaborating with an expert who recognizes and addresses the needs of students with visual impairments.
Because much of what is learned within classroom settings is visual, specialized adaptations are used to educate students with vision loss. Students with visual impairments have unique needs that stretch beyond those of other low incidence populations, including competency skills sets that go beyond the core materials developed for students within general education. Under the law, the IDEA mandates that functional outcomes, as well as academic outcomes, are addressed in every individualized education program (IEP) for students categorized within special education (IDEA, 2004) . In addition to addressing the demands of a "typical" educational curriculum, administrators and IEP team members serving students with visual impairments must also consider accommodations that address access to the expanded core curriculum (ECC).
First formulated by Hatlen (1996) , the expanded core curriculum (ECC) is an established set of specialized skills for students with visual impairments. It was established because students with vision loss are unable to observe the non-verbal behaviors and actions of others, affecting the manner in which incidental skills are learned (Allman & Lewis, 2014) . Designed to go beyond the core components of math, reading, writing, and science to address essential areas and experiences that are unique to persons who are visually impaired (Lohmeier, Blankenship, & Hatlen, 2009; Pugh & Erin, 1999) , the ECC addresses functional outcomes for students with visual impairments. O&M is one section of the ECC that addresses the ability to move about in home, school, and community settings. Skills within the O&M curriculum are ideally taught by certified specialists trained in the discipline of orientation and mobility, who work closely with parents and school professionals to adapt environments and support student learning across settings (Cmar, GriffinShirley, Kelley, & Lawrence, 2015) .
WHAT IS ORIENTATION & MOBILITY?
O&M is a related service provided to students with vision loss in school settings by specialists who are trained to teach skills associated with O&M; these skill sets are addressed through the individualized education plan (IEP). Orientation and mobility specialists focus on two components of learning: (a) knowing one's position in space and keeping track of how position changes with movement and (b) the physical act of traveling from one place to another. Through concepts associated with these components, individuals who are visually impaired are taught to travel safely, efficiently, independently, and gracefully as possible (Ambrose-Zaken, Calhoon, & Keim, 2010).
While O&M is a part of the ECC and, the ECC is "designed to go beyond the core components of math, reading, writing, and science," there is crossover that can be established between the disciplines of O&M and science. Components of the O&M curriculum can be naturally incorporated into science curriculum reflective of NGSS and can be taught in collaboration with the general education teacher (Sapp & Hatlen, 2010) . By examining O&M curriculum and texts (Blasch, Wiener, & Welsh, 2010; Progrund, et. al, 2012) , one can identify many science concepts that can be reinforced through O&M instruction (Smith, 2006) .
USING INQUIRY BASED INSTRUC-TION FOR SCIENCE AND O&M
Inquiry can be defined as diverse ways of studying the natural world in order to develop knowledge and understanding of science concepts (National Research Council, 1996) . This approach to learning has emerged as a prominent technique used to teach science in general education settings (Maroney, Finson, Beaver, & Jensen, 2003; Rizzo & Taylor, 2016; Scruggs, et al., 1993; Scruggs & Mastropieri, 2007) . The use of relevant experiences -including connections between the daily experience of students and what they are learning -is one way to help children make sense of their natural world within inquiry-driven methods. Samarapungavan and colleagues (2015) state that engaging students in mindful, inquiry-driven, modeling activities helps students to understand dimensions of science. Through the use of inquiry methods for learners of all levels, instruction is aimed at developing the skills and knowledge needed within given situations, through meaningful interactions. In these methods, a socially negotiated process emphasizes the importance of using contextualized approaches within inquiry to impact student learning (Boyd & Richerson, 2005; Samarapungavan, Tippins, & Bryan, 2015) .
Inquiry-based instruction has been found to beneficial to students with disabilities (Lynch, S., Taymans, J., Watson, W., Ochesendorf, R., Pyke, C., & Szesze, M., 2007). Mastropieri (2005) reported that behavioral problems in the classroom lessened as a result of inquiry-based teaching methods being used in the classroom. Wild and Paul (2012) found that 61.1% of the science classrooms which included students with visual impairments were using inquiry-based science methods as part of instruction.
Contextualized approaches to learning are also appropriate for students who are blind or visually impaired, as research has shown that students with visual impairments have considered science a difficult subject because of the reliance on visual instruction for the teaching of concepts (Jones, Minogue, Oppewal, Cook, & Broadwell, 2006; Penrod, Haley, & Matheson, 2005; Sahin & Yorek, 2009; Wild, Hilson, & Farrand, 2014) . Use of inquiry-based instructional methods used in science are effective for students with visual impairments (Erwin, et. al., 2001; Wild & Paul, 2012; Wild & Trundle, 2010a; 2010b) . Activity-focused, inquiry-based instruction techniques can facilitate the efforts of teachers and specialists in making appropriate modifications based upon individualized needs of students (Wild & Paul, 2012) .
In a further analysis of inquiry-based teaching methods for students with visual impairments, it was noted there is a dearth of research. Inquiry-based instructional methods have been found to be beneficial to students with visual impairments but have only been analyzed in teaching concepts of scale, environmental science, seasonal change, space, sound, geoscience, and biodiversity to students with visual impairment (Jones, Taylor, & Broadwell, 2008; Rule, 2011; Wild & Trundle, 2010a; 2010b; Wild, Hobson, & Hilson 2012; Wild, Hilson, & Farrand, 2014; Hilson, Hobson, & Wild, 2016) . While analyzing field-based inquiry teaching, it was found that inquiry-based methods were beneficial in helping students overcome scientific misconceptions while still holding onto misconceptions of science concepts that were unique to those with visual impairments (Wild, Hobson, & Hilson 2012; Wild, Hilson, & Farrand, 2014; Hilson, Hobson, & Wild, 2016) . One study, directly used the help of orientation and mobility (O&M) instructors to support the inquirybased learning that occurred in field-based geoscience (Wild, Hilson, & Farrand, 2014) . The O&M instructors directly supported the content-instructions by helping students orient to different geologic phenomena such as caves, caverns, and fossil-rich sites in order to assist in navigation and to help students fully engage in the numerous fieldbased experiences with their peers.
While an effective strategy for science education, inquiry can also be a key pedagogical strategy in teaching O&M; one that allows students to explore and make conclusions about their environments, through the guidance of an orientation and mobility specialist. In teaching students with visual impairments within general education settings, using a crossover of concepts between O&M and science -including a crossover of instructional strategies, such as inquiry-based education, can facilitate conceptual development.
O&M CONNECTIONS TO SCIENCE

Forces and Interactions
Students who are blind or visually impaired must use a sense of touch to discover properties of their immediate surroundings; teaching students to use their sense of touch to meaningfully interact with environments is one aspect of O&M training. Loomis and Lederman (1986) point out that touching involves detecting relative positions and movements of parts of the body (Guth, Rieser, & Ashmead, 2010) . In order to become independent travelers, students who are blind or visually impaired must experience environments through touch, recognizing how the proprioceptive integration of touch and movement in determines position in space. Integration of scientific concepts of physical interactions and analysis of these interactions in relation to force, students with vision loss can connect concepts across disciplines. (NGSS, 2013, p. 4) , O&M activities can be used in elementary lessons to reinforce these objectives. With minimal creativity and collaboration between classroom teachers and O&M instructors, lessons that address recognition of landmarks and clues for orientation purposes, basic spatial awareness, directional/positional concepts, and timedistance concepts can also reinforce scientific concepts of forces and interactions.
Beginning with basic science skills, such as investigations that compare effects of different strengths or different directions of pushes and analysis of data to determine if design solutions can change the speed or direction of an object
For example, exploration of forces and interactions can be done on a playground (Fast & Wild, 2018) . By taking the lesson outside, students can engage in inquirybased experiences from the classroom to the playground to address science and engineering practices. While the science teacher focuses on push and pull with different strengths and directions, ability to change speed or direction, and concepts of bigger pushes or pulls making things speed up or slow down, the O&M specialist can focus on discussion of relationships between the student and the environment with focus on the push and pull of the long cane, typically used by students with visual impairments (Fast & Wild, 2018) . The O&M instructor can work with the science teacher to help students identify what happens when objects are pushed or pulled, forces that interact within the environment, and how to "measure" the forces needed to speed up or slow down an object in motion.
Habitat
Within O&M training, spatial updating and frames of reference within environments are two fundamental concepts important in understanding spatial orientation (Long & Giudice 2010) . O&M lessons that address environmental travel skills -including residential, urban, rural, and suburban environments, navigation within these settings, and use of cardinal directions to maintain orientation can also reinforce scientific concepts of habitat and how the environments are changed to address the needs of pedestrians (Hilson, Hobson, & Wild, 2016 (Hilson, Hobson, & Wild, 2016) .
For example, students can engage in inquirybased experiences in the outdoors by examining plants and animals in their natural environments, allowing for authentic experiences that are vitally important to the conceptual understanding of students with visual impairment. While the science teacher encourages examination of plants and animals in their natural environment and evidence for how these plants and animals can change their environment to meet their needs, the O&M instructor can assist by helping students use their senses to observe characteristics of the natural world within environments where travel skills are being taught.
Similar to the research conducted by Hilson, Hobson, and Wild (2016) , the O&M instructor can support learning within field-based experiences, such as conversation parks, wildlife centers, zoos and aquariums, or field stations. The O&M instructor can provide tactile maps, guidance in directional concepts, and help in navigation of complex terrain using modified travel skills and equipment all while ensuring students are fully engaged in the science instruction happening in these new environments. Specific to students with visual impairments, the O&M instructor's curriculum describes how they need to prepare students to explore and predict naturally occurring patterns that can impact travel, such as plants and tree roots. This requirement naturally aligns with the science standards of observing and describing patterns in the natural world, allowing the science teacher and O&M instructor to co-teach these concepts.
Figure Two: Habitat
CONCLUSIONS
"All educators, including professionals such as orientation and mobility specialists who work with students who are blind or visually impaired, should be accountable to educational standards" (Smith, 2006, p. 161) . Inquiry based instructional methods across the disciplines of science and O&M can provide a number of hands-on experiences for students with vision loss, allowing students opportunity to investigate, explore, problem solve, and integrate scientific concepts into supervised travel routines. Through the use of collaboration between the science teacher and the O&M instructor, students who are blind or visually impaired can be provided with opportunities that imbed science concepts into O&M training, providing an inclusive curriculum across disciplines and unique opportunities for learning.
